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Abstract 
In the past decade the space sector has been developing solutions to support the timely response to natural and man-made 
disasters. The Italian COSMO-SkyMed constellation is providing a significant contribution to this goal providing timely and 
accurate radar images used in a wide variety of applications - from flood mapping to earthquake damage assessment - during a 
considerably high number of real emergency events. This article provides details about application of Synthetic Aperture Radar 
(SAR) data supporting emergency response operations as well as the description of recent real use cases. 
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1. Introduction 
The frequency and impact of natural or man-made disasters worldwide is constantly highlighting the need for a 
rapid response from civil security and emergency responders, always more and more supported by the increasing 
availability of timely and reliable geospatial information. 
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During the past 10 years the space sector has been challenged to reach operational excellence in this highly 
demanding field of application, driven by the users’ request of faster, accurate and user friendly geo-information [1]. 
To match these expectations, institutional and industrial actors operating in the space domain have been cooperating 
to: 
(a) consider the capability to support Emergency management operations as a key requirement during new 
Earth Observation satellite missions concept design and operations; 
(b)  to develop operational geo-information Emergency services to exploit the upcoming satellite capabilities 
and smoothly translate remote sensed data into useful information for Civil Security and Humanitarian Aid 
users. 
From the space infrastructure perspective, the Italian COSMO-SkyMed SAR constellation is a typical example of 
a satellite system designed, developed and operated to support Emergency Management operations worldwide. As a 
matter of fact, COSMO-SkyMed has the unique capability to collect multiple images daily over any area world-wide 
thanks to its 4 satellites constellation [2]. 
In order to take full benefit from high performing satellite systems available like COSMO-SkyMed, it is 
necessary to operate complementary services that allow users (either institutional or private sector at national and 
international level) to express their urgent requests for information and to get an understandable and immediately 
usable response (e.g. maps including damage assessment, road blocks, critical infrastructures analysis). Since 2009 
e-GEOS, an ASI/Telespazio company, is operating a full 24 hours per day available Emergency Management Centre 
devoted to receive, understand and satisfy these requests and to support the ASI institutional needs. As a matter of 
fact, the Centre  is active to serve institutional users within well-established frameworks (e.g. the EU funded 
Copernicus Emergency Mapping Service  in Rush mode [3], available to the 28 EU Member States Civil Protection 
Authorities, EC Services like DG ECHO (European Community Humanitarian Aid Office) and EEAS (European 
External Action Service) and Humanitarian Aid operators including the United Nations) or within specific contracts 
with private sector entities (e.g. oil&gas companies) using a full multi-mission approach. The Centre is in charge 
also to direct COSMO-SkyMed tasking in case of major events. 
This paper will give a general overview  of the SAR applications for emergency management in Section 2, then a 
brief description of COSMO-SkyMed System characteristics for emergency applications in Section 3 and some 
examples of  COSMO-SkyMed contribution in real emergency events. 
2. SAR Applications for Emergency Management  
Synthetic Aperture Radar (SAR) instruments operating in X-band like COSMO-SkyMed have demonstrated in 
several operational occasions their utility to support emergency management applications.  
Flood mapping in open areas is probably the most wide spread field of application, considering the frequency of 
flood events occurrence worldwide and the high SAR suitability. Additionally, interferometry and coherence based 
change detection techniques are indeed useful at the time of mapping damages caused by earthquakes and hurricanes 
or to monitor the evolution of informal human settlements (e.g. Internally Displaced People – IDP camps) during 
humanitarian crisis. 
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2.1. Floods 
Flood mapping using SAR images relies on the physical response of water bodies when illuminated by the radar 
signal: flat surfaces like standing water cause a specular reflection of SAR incident rays minimizing the intensity of 
backscattering towards the SAR sensor. This means that generally speaking standing water bodies appear to be dark 
when analyzing SAR intensity images [4]. However, there are some conditions that can affect such general 
principle: 
1) Wind: the presence of strong winds can cause the presence of ruffles in water bodies that may introduce a 
diffuse component in the reflection of SAR incident rays. In terms of SAR intensity image this generates a “salt and 
pepper” effect that destroys the usual radiometric homogeneity of water bodies introducing difficulties in the 
required processing to extract flooded areas from SAR images; 
2) Urban / forest structures: the detection of standing water is disturbed by the presence of objects that both 
prevent sensing (e.g. tree canopy) or alter the results (e.g. double bouncing effect, presence of material objects). In 
particular standing water areas might result with high backscattering values as a result of the double bouncing effect 
that amplifies the rays’ intensity reflected back to the SAR sensor.  
The processing of SAR images in case of floods generates information related to (a) flood extent and (b) flood 
height in case an accurate Digital Elevation Model is available. e-GEOS has developed a sound, robust and 
validated methodology for flooded areas extraction from SAR images (FLOOD) that allows the flood analysis of a 
single SAR frame in 15-30 minutes, depending on the desired output accuracy. The software system called ®e-
FLOOD is based on a e-GEOS proprietary unsupervised clustering algorithm [5], further refined by a filter based on 
both flood/no flood patch dimensions and slope to remove SAR artefacts like shadows [6] and built as a plug-in to 
the ENVI platform. More details are available on the e-Geos website [7]. 
2.2. Earthquakes/Hurricanes  
SAR interferometric products that can support damage assessment activities following such kind of events are (a) 
MTC (Coherent Multitemporal Image), (b) co-seismic interferograms and Interferometric Browse Product (IBP) [4], 
[8]. 
MTC products are false colour composite images realized through linear combinations of the SAR detected 
amplitudes and the interferometric coherence of two SAR images acquired in interferometric mode (i.e. same orbit 
pass, look direction, incidence angle, polarization), MTC product is generated by this combination: 
x Red: SAR detected amplitude value of master image (1st acquisition) 
x Green: SAR detected amplitude value of slave image (2nd acquisition) 
x Blue: interferometric coherence 
These products are mainly used for change detection and thematic mapping analysis as their main capability is to 
highlight both areas where coherence is high (e.g. human infrastructures that have not changed like buildings, roads, 
etc.) and areas where changes happened (e.g. damaged buildings, new tent camps). 
Co-seismic interferograms [8] enable a terrain displacement analysis comparing the interferometric phase of pre 
and post event images. The analysis of these images shows consecutive cycles of interferometric fringes, that is a 
measure of relative rough displacement  along the satellite line of sight. Each fringe corresponds to 1.5 cm 
displacement (half of X-band wavelength). The Interferometric Browse Product (IBP) is a useful tool for 
interferograms display and analysis, as it combines in a single image both SAR amplitude images and 
interferograms: when the interferometric coherence is above a certain threshold (e.g. 0.2) the interferogram is 
displayed; elsewhere the one of the two SAR detected amplitude images is used. All the products can be 3D 
rendered using a DEM in order to highlight possible topographic effects. 
2.3. Humanitarian Crisis  
Some examples of how your references should be listed are given at the end of this template in the ‘References’ 
section, which will allow you to assemble your reference list according to the correct format and font size. In case of 
humanitarian crisis a similar approach to earthquake damage mapping can be adopted in order to detect new 
861 D. Grandoni et al. /  Procedia Technology  16 ( 2014 )  858 – 866 
informal settlements like IDP camps. These settlements generally develop out of control in their initial stage, before 
being regulated and put under the control of international organizations like UN or other NGOs.  
The capability of regularly monitor the extent of these camps is highly appreciated by the humanitarian operators 
as it provides an objective measure of the actions deployed. 
SAR products that support this type of analysis are all kind of multitemporal change detection based on a 
combination of SAR amplitude and SAR interferometric coherence data. 
3. COSMO-SkyMed System characteristics for Emergency Applications   
COSMO-SkyMed is a SAR satellite system composed of 4 satellites orbiting in a sun-synchronous orbit at 
~620km height over the Earth surface, with the capability to change attitude in order to acquire images at both right 
and left side of the satellite ground track [2]. The nominal (full sized) constellation configuration is conceived to 
achieve the best compromise among cost and performance, providing a global Earth access of few hours, with at 
least two opportunities in one day to access the same target site on the Earth under different observing conditions 
(incidence angle). In this  configuration the four  satellites are equi-phased at 90° each other in the same orbital 
plane.  Currently the full constellation is deployed in Tandem-like configuration, in which the COSMO-2 and 
COSMO-3 satellites fly in close proximity (67.5°) achieving the 1-day interferometric acquisition. Each satellite 
runs 14.8125 orbits a day, hence it  repeats the same ground track every 16 days, but the same ground track is 
repeated by a different satellite every four days and the constellation revisit time is lower than 12 hours [2], [9]. 
 COSMO-SkyMed has a unique characteristic that allows a superior performance for emergency management 
applications: the revisit time. Unlikely other SAR satellite systems that operate a single satellite and that have a 
revisit time at Equator of roughly 2 to 3 days, COSMO-SkyMed constellation enables its users to collect multiple 
images daily over any area worldwide. This is a key feature for emergency response applications, as by definition in 
most cases it is not possible to predict where a relevant event will strike and the most tight requirement from 
emergency responders is timeliness of information delivery. Additionally, in case of natural events like floods daily 
monitoring is generally one of the users requirements that can be satisfied by COSMO-SkyMed mission only. The 
high revisit capabilities turns into the availability of 4 interferometric images every 16 days for interferometric 
applications. COSMO-SkyMed revisit capabilities are further enhanced by the availability of a routine background 
acquisition mission that exploits residual satellite time available to collect data over pre-identified sites (e.g. cities 
above 200 000 inhabitants, UNESCO sites, active volcanoes, etc.). The main goal of this low priority acquisition 
plan is to build up consistent data sets taking into account the overall mission objectives and to generate an historical 
image archive or strategic data set to be used as necessary in the future, for both, institutional and commercial use 
[10]. The background acquisition mission is a key element when a disaster strikes as it increases the probabilities of 
having fresh pre event archive  data or new collections just after it.  In addition to revisit time, COSMO-SkyMed is 
extremely flexible and performing in terms of resolution and coverage. 
4. COSMO-SkyMed in action during Real Emergency events 
COSMO-SkyMed system is regularly tasked to react to upcoming natural and man-made disasters worldwide. 
For example, since April 1st 2012 it has been tasked to react to 25 activations of the Copernicus Emergency 
Management Service in Rush mode providing almost 100 products.  
COSMO-SkyMed started to give its contribution in real emergency events in 2008, with the first two satellites of 
the constellation, in occasion of Cyclone Nargis in Myanmar (Birmany) and of Sichuan earthquake in China [11]. 
After these two events, COSMO-SkyMed provided its contribution in a number of real cases, some of which are 
listed in the following Table 1. Some examples of  COSMO-SkyMed contribution in real emergency events are 
depicted with more detail in the following sections. 
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Table 1 Main contributions of the COSMO-SkyMed system in real national and international emergency events  
Event Flood  Event Earthquake Event Hurricane Event Other 
2008 - Italy Piemonte 2008 - China Sichuan  2008 -  
Myanmar/Sri    
Lanka 
Nargis 2008 - 
Italy 
Etna volcano 
eruption 
2008 - Italy Cagliari 2009 - Italy L’Aquila  2009 – Indian 
Ocean 
Aila 2008 - 
Italy 
Stromboli 
volcano 
monitoring 
2009 - Italy Tanaro river 2010 - Haiti Haiti  2013 – United 
States 
Oklahoma 
City 
2009 - 
Italy 
Giampilieri 
landslide 
2009 - Turkey Istanbul 2010 - Cile Maule coast   2010 - 
Italy 
San Fratello 
landslide 
2009 - Italy Magra river 2011 - Japan Tohoku   2010 - 
Italy 
Vibo 
Valenzia 
landslide 
2009 - Italy Massaciuccoli 2011 - New 
Zeland 
Christchurh   2010 - 
Italy 
Lambro 
river oil spill 
2010 - Albania Scutari 2011 - Turkey Van   2011 - 
Mexico 
Gulf of 
Mexico oil 
spill 
2010 - Italy Tevere river 2012 - Italy Emilia 
Romagna 
  2011 - 
Europe 
North Sea 
oil spill 
2010 - Pakistan Indo river 2012 - Italy Pollino area   2012 - 
Italy 
Costa 
Concordia 
disaster 
2010 - Italy Genova 2013 - Italy Lunigiana   2013 - 
Italy 
Montescagli
oso landslide 
2010 - Italy Veneto       
2010 - Italy Campania       
2011 - Italy Basilicata       
2011 - Italy Marche       
2011 - Italy Magra river       
2011 - Italy Liguria/Piemo
nte 
      
2012 - Italy Calabria/Sicili
a 
      
2012 - Italy Lazio/Toscana       
2013 - Italy Toscana       
2013 - Italy Sardegna       
2013 - Italy Basilicata/Pug
lia/ 
Abruzzo 
      
2014 - Italy Modena area       
2014 - Italy Lazio/Veneto/ 
Emilia 
Romagna 
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4.1. Floods in Central Europe (2013)  
Starting from beginning of June 2013, heavy rainfalls caused flooding along rivers and lakes in Germany, Austria, 
Switzerland and the Czech Republic, forcing authorities to issue disaster warnings and reinforce defenses. Several 
people were killed and water levels were expected to continue rising. Copernicus Emergency Management Service 
in Rush mode was activated starting from June 3rd by the Civil Protection authorities of Germany, Czech Republic 
and Hungary to generate flood extent maps over 20 areas of interest spread in the three countries. For example, the 
whole course of the Danube River in Hungary was covered. e-GEOS lead consortium operating the Copernicus 
Emergency service was in charge of coordinating these requests in terms both of satellite data access through the 
European Space Agency GMES Space Component – Data Access system (ESA GSC-DA) and flood extent maps 
generation. Within 1 week more than 100 maps were generated covering the whole set of initial areas of interest 
provided by the users. Satellite data used were coming from a variety of optical and SAR satellite missions in order 
to exploit the full satellite imaging capacity available, thus the contribution of COSMO-SkyMed constellation is 
noticeable having provided more than 20 image collections over the affected areas. Flood maps proved to be useful 
to users as they were providing information over large areas that would have been extremely expensive and time 
consuming to cover using traditional field surveys or aerial surveys (See for example Fig. 1). 
 
Fig. 1 Example of Flood map in Torgau (Germany) 
An independent validation activity is being carried out by the European Commission to assess the thematic quality 
of the flood layer, comparing flooded areas mostly extracted from 30m resolution SAR images with flood analysis 
derived from 10-50cm optical airborne data. Preliminary results from this activity show around 65% overall 
thematic accuracy of SAR based flood layer. Additionally, the same validation was performed to assess the thematic 
accuracy of SAR based flood layer itself, comparing the flood layer generated in rush mode (i.e. in less than 3 hours 
from SAR image availability) with a flood layer generated from the same SAR data with no time pressure and 
including hydraulic data. Preliminary results of this additional comparison show around  95% overall thematic 
accuracy of the flood layer extracted in rush mode. 
Summarizing, this event shows the capability of COSMO-SkyMed constellation to provide large repeated image 
collections over scattered areas of interest. 
4.2. Earthquake in Christchurch – New Zealand  (2011) 
On February 22nd, 2011 one violent earthquake shock hit New Zealand, causing serious damages and victims in 
the city of Christchurch. Following such relevant event, e-GEOS Emergency Management Centre started acquiring 
daily COSMO-SkyMed images in Stripmap mode over the city of Christchurch. In this occasion the availability of 
an active background acquisition mission allowed a superior performance of COSMO-SkyMed system: 
Christchurch city was part of it due to its size in terms of population and a COSMO-SkyMed image was already 
scheduled to be collected on the same day of the earthquake and some hours after it. This immediate post event 
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acquisition was coupled with a very recent archive image (February 19th) in order to perform the full spectrum of 
interferometric and coherence based multitemporal analysis. An additional circumstance that makes this event 
interesting is the cloudy weather persistency over Christchurch area during the days following the earthquake. In 
general, optical based damage assessment analysis are preferred to SAR ones due to the highest detail detectable and 
therefore  their  higher utility in the immediate response phases. However, when it is not possible to get usable data 
from passive sensors, then the SAR based overview indication of affected areas delivered in less than  24 hours after 
the event is something valuable to emergency responders.  Damage assessment maps derived from the analysis of 
co-seismic (pre-post) interferometric coherence were generated and distributed to local Authorities involved in 
disaster management operations. The availability of a significant amount of multitemporal data allowed the 
production of not only  standard MTC maps (Feb.19th – Feb 22nd), but also more complex pre-seismic coherence 
compared to co-seismic one. Pre-seismic coherence was derived analyzing a 16 days difference interferometric pair 
before  the earthquake; this coherence map  was then considered as the baseline to be compared with co-seismic 
coherence extracted from the pre and post event image pair. The RGB combination of pre-seismic, co-seismic 
coherence and their difference shows very clearly the earthquake affected areas where pre-seismic coherence is high 
(e.g. stable construction areas), co-seismic coherence is low (e.g. displaced building) and their difference is 
noticeable. Even if this map does not provide information at single building level, it does provide the big picture of 
the seismic event consequences in Christchurch. Mapping activities were completed with the generation of the co-
seismic interferogram showing up to 24cm displacement along the satellite line of sight in the most affected areas. 
Summarizing, this event shows the relevancy of COSMO-SkyMed widespread background acquisition mission 
that enables the availability of timely pre and post event interferometric pairs following a natural disaster like an 
earthquake. 
4.3. Earthquake and tsunami in Japan (2011) 
On March 11th, 2011 two violent shocks of 9 (05:46 UTC ) to 7.9 (06:06 UTC ) Richter have invested the North-
East of Japan . Few hours after the shock a 10 meters tsunami hit the coast causing devastations in the coastal areas. 
Moreover, several nuclear plants were seriously affected and a nuclear threat was issued. Since the first hours after 
the disasters, COSMO-SkyMed constellation received a huge amount of image collection requests over the tsunami 
affected areas and the nuclear plants either from Japanese institutions (i.e. Japanese Space Agency – JAXA) and 
private sector organizations (e.g. Japanese Space Imaging – JSI) . In order to streamline the tasking procedures and 
to avoid any request conflict, ASI and e-GEOS set up a single COSMO-SkyMed programming plan over the huge 
area of interest. Such plan was tailored to cover more than 3000 km of coast (see  Fig. 2) using Himage Stripmap 
imaging mode (3m resolution) and the three most affected nuclear plans using Spotlight-2 imaging mode (1m 
resolution). 
 
Fig. 2  COSMO-SkyMed collection plan over Japan after the 2011 earthquake. 
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This vast collection plan was intended to be carried out exploiting the next available COSMO-SkyMed passes in 
ascending orbit on March 12th as they were both the first available and the most suitable given the Eastern Japanese 
coast orientation. No other SAR mission would have allowed the collection of such a large amount of data in a 
single ascending orbit, COSMO-SkyMed had the potentiality to do so thanks to its 4 satellites constellation. The 
acquisition plan was carried out successfully and COSMO-SkyMed images were the first SAR data available over 
the affected areas showing the intensity of the tsunami effects in terms of sea water inland penetration and the 
damages to nuclear facilities in Fukushima. e-GEOS Emergency Management Centre elaborated the acquired data 
immediately after their availability and it provided a full and homogeneous flood event layer over the whole Himage 
dataset in less than 48 hours. Additionally, an accurate analysis of Spotlight-2 images over Fukushima 1 were 
conducted and damages to reactors 1, 3 and 4 of the nuclear plant were highlighted. 
Summarizing, this event shows the power of a satellite constellation when revisit time and large areas coverage 
are the two key requirements. 
4.4.  Hurricane in Oklahoma City – United States (2013) 
During the afternoon of May 20th 2013, a large, violent tornado touched down west of Newcastle, Oklahoma and 
impacted the town of Moore, causing severe damage to residential areas as well as to local schools. Local authorities 
confirmed several fatalities and at least 200 people injured.  
e-GEOS Emergency Management Centre immediately started the satellite image procurement operations to 
provide U.S. Government with post disaster damage assessment maps. In this case three data streams were used to 
generate three different products, in order to exploit the best data at different points in time:   
x Crowd sourced data: right after the tornado touched down, the Internet was full of ground photographs 
and videos posted by common people as well as helicopter views of the affected areas. Data were 
collected, analyzed  and visually geocoded based on the recognition of urban shapes and landmarks, 
allowing the generation of the first damage assessment map at single building level and limited to 
approximately 1km buffer across the tornado path; 
x Optical data: due to bad weather conditions, first post event optical data provided by Digitalglobe 
became available only on May 22nd. The analysis of these data allowed the generation of an extensive 
damage assessment map at single building level;   
x SAR data: COSMO-SkyMed background acquisition mission was active over Oklahoma City area, 
however the first post event interferometric acquisition was available on May 25th. The coherence based 
processing of such image combined with a pre event image acquired on May 17th allowed the generation 
of a MTC product that showed the tornado affected areas as those areas with a complete loss of 
coherence between the two dates. 
The consistency of the thematic analysis across the three products derived from completely different input data is 
noticeable. 
4.5. IDP camp monitoring in Al-Mafraq – Jordan  (2013) 
Since August 2012 the conflict in Syria forced civil population to migrate towards the border with the nearby 
Jordan and an IDP camp was set up by UNHCR in Al Mafraq area.  e-GEOS Emergency Management Centre 
initiated a regular monitoring of the evolution of the IDP camp. Both optical and COSMO-SkyMed data over more 
than six months were acquired, providing constant updates to the relief operators involved. The combination of 
optical and SAR data allowed the detection of IDP camp expansion within less than 12 hours, as optical satellites 
acquire images in the local morning only while SAR satellites can acquire images exploiting both passes in the local 
morning and afternoon. Additionally, SAR only based change detection analysis allowed an accurate information 
extraction overcoming conditions that limited the opportunity of optical acquisitions as clouds or satellite operator 
cancellations that might be frequent especially in conflict areas. 
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5. Conclusions 
The use of space-based solutions and information has been proven useful in the risk assessment, mitigation and 
preparedness phases of natural and man-made disaster management. As the global community learnt in different real 
crisis situations, space technologies play a central role in providing early warning to communities that are at risk and 
in supporting emergency events during post-disaster phase and damage assessment.  
In this field the Italian COSMO-SkyMed constellation, which has been pioneering in the operational use of a 
SAR spacecraft constellation for Earth Observation, provided encouraging results and it is providing day by day a 
significant contribution in real emergency cases and observation services. COSMO-SkyMed started to give its 
contribution in real emergency events in 2008, with the first two satellites of the constellation, in occasion of 
Cyclone Nargis in Myanmar (Birmany) and Sichuan earthquake in China. Currently, with the fully deployed 
constellation, the COSMO-SkyMed system is able to provide its users with multiple daily images worldwide with a 
response time within 12 hours.  
Disaster management requires constellation of satellites with different sensor capabilities; a single satellite is not 
able to satisfy all the community needs. Due to the unique features of the COSMO-SkyMed system, a number of 
cooperation and agreements with national and international institutions are currently active in the emergency 
application field.  
Thorough the description of some real use cases, the actual capabilities of the COSMO-SkyMed mission were 
highlighted in this paper, showing as Italy plays a key role in the space-based technology for emergency 
management, providing its contribution in the national and international context. 
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